In a wide class of gravitation theories, it is proven that static solutions are absent unless the total energy-momentum tensor for matter fields is of type I in the Hawking-Ellis classification. In other words, there is no hypersurface-orthogonal timelike Killing vector in a spacetime region with an energy-momentum tensor of type II, III, or IV. This shows that ultra-dense regions with a semiclassical type IV matter field cannot be static even with higher-curvature correction terms.
In a wide class of gravitation theories, it is proven that static solutions are absent unless the total energy-momentum tensor for matter fields is of type I in the Hawking-Ellis classification. In other words, there is no hypersurface-orthogonal timelike Killing vector in a spacetime region with an energy-momentum tensor of type II, III, or IV. This shows that ultra-dense regions with a semiclassical type IV matter field cannot be static even with higher-curvature correction terms. Hawking and Ellis classified an energy-momentum tensor T µν into four types (type I-IV) depending on the property of its eigenvectors in a four-dimensional spacetime [1] . Remarkably, this classification into four types is also valid in arbitrary n(≥ 3) dimensions [2, 3] . (See [4] for energy conditions for type I-IV matter fields.) Based on this, we can prove the following theorem.
Theorem 1 Consider a gravitation theory in n(≥ 3) dimensions with the field equations E µν = T µν . Then, if a spacetime admits a hypersurface-orthogonal timelike Killing vector ξ µ and E µν ξ µ s ν = 0 holds for any spacelike vector s µ orthogonal to ξ µ , there is no solution with an energy-momentum tensor T µν of type II, III, or IV.
Proof.
The metric in a spacetime region with a hypersurface-orthogonal timelike Killing vector ξ µ can be written as ds 2 = −Ω(y) −2 dt 2 + g ij (y)dy i dy j , where i is a spacelike component. The assumption is equivalent to E ti = 0 and hence T ti = 0 holds by the field equations. This shows that ξ µ (∂/∂x µ ) = ∂/∂t is an eigenvector of T µν . Among all the Hawking-Ellis types, only type I admits a timelike eigenvector. Theorem 1 is a generalization of the claim in [5] in general relativity (GR) with n = 4 into a wide class of gravitation theories. For instance, E ti = 0 holds in GR, Lovelock gravity [6] , f (R) gravity [7] , and the most general quadratic gravity [8] .
While a perfect fluid is a well-known type I matter field, a Maxwell field and a minimally coupled scalar field can be type I and II [9, 10] . Theorem 1 shows that solutions must be stationary or dynamical in a region where such a matter field becomes type II. In particular, solutions with spherical, planar, or hyperbolic symmetry must be dynamical.
Also, a null dust is a typical type II matter field and its generalization to include a spin of the null source, namely a gyraton [11] , is type III [12, 13] . On the other hand, any type IV classical matter field is not known. However, renormalized expectation values of the energymomentum tensor are often of type IV [14] . By Theorem 1, a spacetime cannot be static with such a matter field independent of energy conditions. This result shows that ultra-dense semiclassical regions with a single type IV matter field cannot be static even with higher-curvature correction terms in the action. Note, however, that static solutions are possible with multiple matter fields not of type I. For example, there is a spherically symmetric static solution in GR with two null dusts [15] , in which the total energy-momentum tensor becomes type I.
